Abstract: A diagnostic imaging system that is sensitive to specific molecular species has been constructed using principles from coherent anti-Stokes Raman scattering (CARS) and optical coherence tomography (OCT). The interference of two independent CARS signals was observed, demonstrating the feasibility of this approach. Optical coherence tomography (OCT) is a high resolution, low-coherence interferometric imaging technique that uses near-infrared pulses to detect microstructure in biological tissue [ 11. As an emerging imaging technology, OCT has been used to perform zn situ imaging of tissue microstructure at nearhistological resolutions [2]. Spectroscopic OCT measures spectral absorption and reflectance data from tissues, as well as the structural information measured by conventional OCT [3]. In spectroscopic OCT, the amplitude of the backscattered signal is used to provide image-based representation of tissue microstructure and the frequency portion of the backscatter is used to provide information about the molecular composition of the sample. This technique, however, is limited to the identfication of molecules that have near-infrared absorption and scattering spectra within the bandwidth of the optical source.
Optical coherence tomography (OCT) is a high resolution, low-coherence interferometric imaging technique that uses near-infrared pulses to detect microstructure in biological tissue [ 11. As an emerging imaging technology, OCT has been used to perform zn situ imaging of tissue microstructure at nearhistological resolutions [2]. Spectroscopic OCT measures spectral absorption and reflectance data from tissues, as well as the structural information measured by conventional OCT [3]. In spectroscopic OCT, the amplitude of the backscattered signal is used to provide image-based representation of tissue microstructure and the frequency portion of the backscatter is used to provide information about the molecular composition of the sample. This technique, however, is limited to the identfication of molecules that have near-infrared absorption and scattering spectra within the bandwidth of the optical source.
Coherent anti-Stokes Raman scattering (CARS) spectroscopy is a nonlinear optical method for detecting molecules that resonate in the mid-to far-infrared using biologically transparent, near-infrared light. When a pump laser at frequency v, is overlapped with a Stokes laser at frequency v,, a CARS signal is generated with frequency 2vp-v, in the phase matchng direction [4]. The CARS signal can be strongly enhanced when the frequency difference vp-vs matches the frequency of a molecular bond vibration in a sample. Since the emitted CARS signal remains coherent with the input light, an interferometer can be used to split the incident pump and Stokes beams and a CARS signal from a sample can be interfered with a second CARS signal generated from a specifically chosen reference material. Interference between the two CARS beams will occur only if the same molecule bond is present in the sample and the reference material, at an identical path length. Scanning the pump and Stokes beams through the sample, or alternatively scanning the sample, will enable the three-dimensional dstribution and density of a chosen bio-molecular species to be mapped with high-resolution.
spectroscopy and OCT with a number of advantages not found in other similar iiilaging techniques. OCT without CARS gathers only sttuctural information. CARS without OCT measures only molecular density information Non-linear interferometric vibrational imagng allows for both structural and molecular information to be collected simultaneously. In contrast to confocal and multiphoton microscopy which require potentially harmful fluorescent probes to create molecular contrast, CARS is capable of producing molecular bond-specific images without the need for these exogenous agents. OCT is capable of scanning an entire axial line by simply modulating the path length of the reference arm. Using linear crosscorrelation techniques, phase information can be extracted from the returned CARS signals yielding more detailed molecular-specific mformation about the sample. These advantages offer the potential for nonlinear interferometric vibrational imaging to be used as a novel diagnostic techmque.
operating at a center wavelength of 810 nm, a bandwidth of 35 nm, a repetition rate of 82 MHz, and an average power of 300 mW. Pulses from the titanium:sapphire laser are used to seed a regenerative Non-linear interfernmetric vibrational imaging is performed using principles from CARS The laser sources for this system include an argon laser pumped modelocked titanium:sapphire laser CMU4 ampllfier which produces 70 fs, 5 pJ pulses at a repetition rate of 250 kHz for an average power of 1.25W.
Ten percent of this power is used as the pump beam. The Semaining power is directed to an optical parametric amplifier to generate the Stokes beam. Thes o beams are collinearly aligned using a dichroic beam splitter and sent into the free space Michelson i Stokes beams are split into reference and sample arms and CARS signals are generated in both arms of the interferometer. The reference arm path length is modulated using a computer-controlled scanning mirror and the sample is translated using a computer-controlled three axis stage. CARS signals at 610 nm were generated in each arm of the interferometer from samples of benzene illuminated with 81Onm pump light and 1060nm Stokes light. The interference between these two signals was observed by overlapping them on a CCD camera, shown in Figure 2 . Figure 3 shows a line plot of the fringe amplitude in Figure 2 . These results demonstrate that CARS beams emitted from the two independent samples can be used in an interferometric imaging system. The implementation of this nonlinear interferometric vibrational imaging technique offers the potential for three-dimensional molecularspecific imaging in biological tissue.
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